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Abstract. The nanotechnology industry is predicted to be capable of rivalling the biotechnology 
industry and even perhaps forecasted to be at par with information communication technology (ICT) 
by 2014. It is said that nanotechnology is the next "disruptive technology", meaning that it will 
influence across industries and affect our very lives, similar to previous technologies like "atomic" 
was for the 1950s, "micro" was for the 1980s, and ".corn" was for the 1990s. Its forecasted impact is 
slowly blurring out the lines that separate reality with fantasy, as evidenced by various products, but 
this research focuses on the Nano-Biosensor products, which is being currently researched here in 
Malaysia in several institutions that focus on the different components that make up the Nano- 
Biosensor. However, it must be pointed out here that although the research into the materials and 
applications of these materials is paramount to the growth of this promising industry, there must also 
be research into the feasibility and management of this industry, in order for it to be forecasted, 
monitored, and controlled, and thus aid in the betterment of mankind. Measuring the potential impact 
of a technology is basically a Collingridge dilemma, which is a double-bind problem where impacts of 
a technology cannot be easily predicted until the technology is extensively developed and adopted, 
and the control or change of a technology is very difficult once it has been extensively developed and 
adopted. In order to address these issues, a technique called technology assessment (TA) has been 
developed to assist in evaluating these emerging technologies. There are many categories of TA that 
has emerged through various research efforts and published documentation, including Parliamentary 
TA (PTA), Expert TA (often referred to as the classical TA concept), Participatory TA (pTA), 
Constructive TA (CTA), Discursive or Argumentative TA, and a specialised TA related :o the health 
industry, called Health TA (HTA). Narrowing down to CTA, CTA initiatives would attempt to 
broaden the design of new technology through feedback of TA activities into the actual construction 
of the technology, which is contrary to other forms of TA, where CTA is not directed toward 
influencing regulatory practises by assessing the impacts of technology, but rather, CTA wants to 
address social issues around the technology by influencing design practices. Due to the technical 
nature of Nano-Biosensor, CTA has been proposed as the core topic for a research endeavour for 
fulfilling this aim of measuring the viability of Nano-Biosensor in the broader context of the 
nanotechnology development in Malaysia, since it has been identified as the enabling technology with 
potential industry-wide impact on other sectors not only in Malaysia, but the rest of the world. 
Keywords: constructive technology assessment (CTA), nano-biosensor, nanotechnology, Malaysia, 
case study 
1. Introduction 
Nanotechnology has becomes a new industrial revolution and many countries are investing heavily 
in this technology to  maintain their market competitiveness. Since this is new yet growing and 
emerging, there is still a scarcity of research in this, particularly in developing countries like Malaysia. 
Nanotechnology has caused a stir in worldwide because of its potential. Big countries has invested in 
nanotechnology and taken a full concern over the development of nanotechnology [I] .  Malaysia has to  
have its own nanotechnology policies and initiative as well as strategic plan to  manage the technology, 
as extensively stressed by the then Deputy Prime Minister, now the current Prime Minister Dato' Sri 
Haji Mohammad lVajib bin Tun Haji Abdul Razak. 
Thus, to  sustain this technology, major agencies are also needed to guide the direction of 
nanotechnology assessment and management. Currently, Malaysia lacks behind in this aspect because 
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the technology is still new to the Malaysian expertise. The Ministry of Science, Technology and 
Innovation (MOSTI) oversees the nanotechnology development in this country, and particularly in 
assessing the technology in order to determine its potential and viability to be developed in Malaysia 
and thus proceed with the development of policies, initiatives, and strategic plans for nanotechnology. 
A forward-looking approach to the key technologies of the future is crucial to sustain an active and 
competitive industrial economy. Our Government needs to provide a conducive environment for 
nanotechnology to grow, as it would benefit all. However, critical assessment and evaluation of 
potential emerging technologies must be performed in order to reduce the risk of failed 
implementations and projects of emerging technologies which can be very costly [2]. Therefore, one 
such approach is the technology assessment framework that can be employed at various levels. This 
paper proceeds to present an in depth literature review, followed by the methodology that shall be 
employed to assess the Nano-Biosensor technology, finally wrapped-up in the conclusion. 
2. Literature Review 
This section presents the current scenario and development of Nano-Biosensor technology as well 
as the technology assessment methods employed by the related parties, focussing more on the 
Constructive Technology Assessment (CTA). 
2.1. Nano-Biosensor 
Nanotechnology is the result of parallel development in various interdisciplinary fields, as 
illustrated in Figure 1 [3]. Its forecasted impact is slowly blurring out the lines that separate reality 
with fantasy, as evidenced by various products stemming from various fields (e.g. nano-metrology, 
nano-materials, nano-biosystems, and nano-structures to name a few). 
communication/ Media, Community & Health 
Info Tech - ,_- .. - _  ,/--' Biqmatherndcs " Medlcine 
/ -  ---- 
'> 
1 2  
I [ // 
q, /' 
lnfo tech - -  - 
.iX\ 
I h 
I . I-;) 
' !  
,Mathematics 1 Biology 
~iq&atics 4 .  \ .. - I 




I '  
L5 
J l Proteornics 
(1 e- 
Manufacturing \\' - - - S O I I ~  stab , ,/' 
phys & chem ; - * 
Energy Environment 
Fig. 1 : Interdisciplinary fields in nanotechnology development 
With the further development and combination of nanotechnology, biology, advanced materials, 
and photonics, it has opened up the possibility of detecting and manipulating atoms and molecules 
using nano-devices, which have the potential for a wide variety of medical uses at the cellular level [4]. 
A subset of these devices is known as Nano-Biosensors, which are biosensors at the nano scale. A 
biosensor is defined as, "an analytical device comprising two elements in spatial proximity: A 
biological recognition element able to interact specifically with a target [and] a transducer able to 
convert the recognition event into a measurable signal" [5]. This can be schematically represented in 
Figure 2. 
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Fig. 2: Main components of Nano-Biosensor. 
A substrate is converted into a product due to a biocatalyst at (a). This reaction is recognised by a 
transducer (b) which converts it into a weak electrical signal that is amplified at (c), processed for 
noise at (d) into a measurable form, and displayed at (e). 
Traditionally, the key part of a biosensor is the transducer, which makes use of a physical change 
that takes part after a reaction. This may include the following [6]: 
the heat output (or absorbed) by the reaction (calorimetric biosensors), 
changes in the distribution of charges causing an electrical potential to be produced 
(potentiometric biosensors), 
movement of electrons produced in a redox reaction (amperometric biosensors), 
light output during the reaction or a light absorbance difference between the reactants and 
products (optical biosensors), or 
effects due to the mass of the reactants or products (piezo-electric biosensors). 
There are three so-called 'generations' of biosensors; First generation biosensors where the normal 
product of the reaction diffuses to the transducer and causes the electrical response, second generation 
biosensors which involve specific 'mediators' between the reaction and the transducer in order to 
generate improved response, and third generation biosensors where the reaction itself causes the 
response and no product or mediator diffusion is directly involved. 
The electrical signal from the transducer is often low and superimposed upon a relatively high and 
noisy (i.e. containing a high frequency signal component of an apparently random nature, due to 
electrical interference or generated within the electronic components of the transducer) baseline. The 
signal processing normally involves subtracting a 'reference' baseline signal, derived from a similar 
transducer without any bio-catalytic membrane, from the sample signal, amplifying the resultant signal 
difference and electronically filtering (smoothing) out the unwanted signal noise. The relatively slow 
nature of the biosensor response considerably eases the problem of electrical noise filtration. The 
analogue signal produced at this stage may be output directly but is usually converted to a digital 
signal and passed to a microprocessor stage where the data is processed, converted to concentration 
units and output to a display device or data store. 
However, when one brings this biosensor down to the nano scale, the properties and characteristics 
of elements and catalysts involved in the detection/transducer changes, which leads to more inventive 
use of materials in order to detect a measurable change. Such theoretical applications which are being 
investigated are Optical Biosensors, Nanotube Based Biosensors, Electrical Biosensors, Viral 
Nanosensors, Electrochemical Biosensors, Nanoshell Biosensors, and Nanowire Biosensors [7]. One 
example is the nano-wire Field-Effect Transistor (FET) Nano-Biosensor, which has a nanowire for a 
sensing element, i.e., the semiconductor channel of the transistor. This channel is fabricated using 
nano-materials such as carbon nanotubes, metal oxide nanowires, or silicon nanowires, for example 
the Germanium nanowire field-effect transistor [8]. These sensor channels are very sensitive to 
changes in the environment due to its very high surface to volume ratio, and that a large portion of the 
atoms are located at the surface of the channel wire. 
Because of this new level of sensitivity, there have been many areas identified for the applications 
of such Nano-Biosensors. Some of which include biological and environmental applications [7II [9]: 
Table 1 : Applications of Nano-Biosensors 
Biological Applications Environmental Applications 
DNA Sensors: Genetic monitoring, disease Agricultural monitoring 
Immuno-sensors: HIV, Hepatitis, other viral disease, Detection of environmental pollution and toxicity 
drug testing 
Cell-based Sensors: functional sensors, drug testing Ocean monitoring 
Point-of-care sensors: blood, urine, electrolytes, gases, Ground water screening 
steroids, drugs, hormones, proteins, other 
Bacteria Sensors (E-coli, streptococcus, other): food 
industry, medicine, environmental, other. 
Enzyme sensors: diabetics, drug testing, other. 
Due of the potential value and benefits of this technology, there needs to be an effort in assessing 
its potential from both the international and national perspectives. Therefore, this paper presents the 
first such effort in the Malaysian context of a technology that is still considered to be in its infancy 
stage, but has world-wide implications. The next section briefly describes the Nano-Biosensor 
developments in Malaysia. 
2.2. Nano-Biosensors in Malaysia 
In the context of steering the direction of the Nano-Biosensor industry toward a more sustainable 
future, here, a roadmap is designed to guide the industry's science and research activity by 
highlighting a strategy that provides the broad context and high level directions from the Malaysian 
perspective. Roadmaps may represent the governing body's stance or position on the science of Nano- 
Biosensors, emphasising on how the industry efforts should be developed in order to best meet 
Malaysia's future needs. This roadmap is not one filled with detailed milestones, targets, or research 
plan, since all of these particulars need to be decided by those with the responsibility for funding 
particular pieces of research in conjunction with the end-users of the research, which consequently, 
will build toward clarifying the overall picture that is being presented by this roadmap. 
The Malaysian Government has produced a National Nanotechnology Roadmap, titled "Malaysia 
NN1 Roadmap Report" in 2007 [lo], which was based on a study that identified five industries that 
would benefit from the development of nanotechnology, namely Biotechnology, Energy, Environment, 
Agriculture, and Medicine. 
After a screening process of all the potential nanotechnology-based products in the industry was 
performed, six target products were identified as being able to bring the most impact to the above 
identified industries directly, and consequently the development of the country. These products 
include Biosensors as being on the top of this list, followed by Biochips, Molecular farming, Drug 
delivery system, Solar, and Lithium-ion. 
This shows how important the Nano-Biosensor has become in impacting other industries. Some 
specific identified applications of the biosensor in other industries include diagnostic kits for clinical 
and homes uses, real-time applications such as alert sensor and detector for pathogen infection caused 
by bacteria, fungi, and viruses during outbreaks and detection of contamination, and food production 
and agricultural diagnostic kits to aid in production. Furthermore, biosensors also assist in facilitating 
the usage and production of the above mentioned products, such as in molecular farming where 
biosensors are used in agricultural diagnostics, and in biochips and drug delivery system, where 
biosensors can be applied as monitoring and controlling devices. 
Furthermore, other countries have observed the potential of biosensors even earlier. For example, 
Thailand has established the National Nanotech Centre (NANOTEC) in 2003 by the Thai Cabinet's 
decree. NANOTEC's objectives among others are to set the agenda and lay out the nanotechnology 
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roadmap for Thailand. That nation's first nanotechnology roadmap includes Nano-Biosensors, as well 
as nano-polymers, nano-composites, nano-particles, nano-clay, nano-fibres, nano-tubes, nano-porous 
materials, nano-catalysts, and solar cells [lo]. 
Even though currently there is no clear and detailed roadmap for nanotechnology specifically on 
research and development [12] let alone a specific roadmap for the Nano-Biosensor industry, because 
of the importance of such a promising industry, certain bodies have attempted to produce roadmaps in 
line with countries from overseas. For example, relating to the nano-electronics industry, MIMOS 
Berhad [lo] had developed a roadmap for the Malaysian Ministry of Science, Technology, and 
Innovation. In this roadmap, it was highlighted that sensors play an important role in supporting other 
industries, of which includes the role played by Nano-Biosensors in energy and environment, food and 
agriculture, and medical and health. 
With the governmental support put into place, the various tertiary and research institutions have 
responded by establishing a number of research centres that focus on the specific development of 
nanotechnology techniques, products, and other related components, such as simulation, artificial 
intelligence, visualisation technologies, etc. Table 2 shows some of the research centres that are 
performing nanotechnology related research in Malaysia [l 11. This list is by no means exhaustive, but 
care was taken to make it as complete as possible. The following section deliberates on the technology 
assessment component of this research. 
Table 2: Nanotechnology research centres in Malaysia. 
Organisation Research Centre / Institute / Interest Group 
Universiti Malaysia Perlis Institute of Nano Electronic Engineering (INEE) 
(UNIMAP) 
Universiti Malaya (UM) Centre for Fundamental and Frontier Sciences in Nanostructure 
Centre for Research in Nanotechnology and Catalysis (NANOCEN) 
Centre For Nanotechnology, Precision and Advanced Materials (CNPAM) 
Universiti Teknologi Ibnu Sina Institute 
Malaysia (UTM) Advanced Photonic Science Institute 
Zeolite and Nanostructured Materials Laboratorv 
Universiti Putra Malaysia Advanced Materials and Nanotechnology Laboratory (AMNL) 
(UPM) Institute of Advanced Technology 
Universiti Sains Malaysia School of Materials and Mineral Resources Engineering 
(USM) Nano-materials Initiative Group 
Universiti Kebangsaan Institute of Microengineering and Nanoelectronics 
Malaysia (UKM) Institut Sel Fuel (Biohydrogen Research Group) 
Universiti Teknologi Mara Centre of Nanoscience and Nanotechnology 
(UiTM) Centre of Advanced Material 
Centre of Nano-material 
Centre of Research and Innovation In  Sustainable Energy 
Centre of Synthesis and Chemical Biology 
Universiti Malaysia Faculty of Engineering - Chemical Eng. & Energy Sustainability Dept. 
Sarawak (UNIMAS) Faculty of Resource Science and Technology - Dept. of Chemistry 
SIRIM AMREC - Advanced Polymer and Composites Programme 
(Advanced Materials AMREC - Biomaterials Programme 
Research Centre - AMREC - Electrochemical Materials Programme 
AMREC) AMREC - Industrial Nanotechnology Research Centre 
AMREC - Photonics & Electronic Materials 
AMREC - Structural Materials Programme 
2.3. Constructive Technology Assessment (CTA) 
First of all, let us look at the term of technology assessment (TA), where it has been defined as "a 
systematic attempt to foresee the consequences of introducing a particular technology in all spheres it 
is likely to interact with" [I 31. In other words, TA is a predictive analysis of how an investment in 
technology might perform and what the impact or outcome might be. 
At first glance, TA can be a daunting task, however, previous work [14] had highlighted that 
technology assessment can be viewed at different levels, such as at the macro, meso, and micro levels. 
At the macro level, technology assessment occurs at the global, international, and pan-national level 
by governmental, commercial, and non-governmental organisations (NGOs) with international 
operations, e.g. the World Bank, the European Union (EU), the International Monetary Fund (IMF), 
and the Organisation for Economic Cooperation and Development (OECD). Meanwhile, meso refers 
to technology assessment at the national level between governmental and commercial organisations 
and NGOs, and last, but not least, technology assessment at the micro level takes place at the intra- 
governmental or organisational level. 
From another perspective, there have been developments in the methods or types of TA activities 
that have been defined and developed by various stakeholders in this field. These types are 
summarised below: 
Parliamentary TA (PTA) efforts comprise activities of various kinds where the addressee is the 
parliament. PTA may be performed directly by members of those parliaments (e.g. in France 
and Finland) or on their behalf by related TA institutions (such as in the UK, in Germany and 
Denmark) or by organisations not directly linked to a Parliament (such as in the Netherlands 
and Switzerland) [15]. 
Expert TA includes activities carried out by a team of technical experts where the inputs from 
stakeholders and other actors are recorded through written statements, documents, and 
interviews. Health TA (HTA) is a subset of expert TA informing policy makers about safety 
and cost effectiveness issues of pharmaceuticals and medical treatments. 
Participatory TA (pTA) consists of activities, such as consensus conferences, focus groups, 
scenario workshops, etc., which actively, systematically, and methodologically involve various 
kinds of social actors. These include assessors and discussants, such as different kinds of civil 
society organisations, representatives of the state systems, but also individual stakeholders and 
citizens (the general public), and technical experts [16]. 
Discursive/Argumentative TA is when the aim is to deepen the political and normative debate 
about science, technology, and society. It was inspired by ethics, policy discourse analysis and 
the sociology of expectations in science and technology. Accordingly, this type of TA deals 
with both broader impacts of science and technology and the fundamental normative question 
of why developing a certain technology is legitimate and desirable [17]. 
Constructive TA (CTA) was initially developed in the Netherlands, but also applied and 
discussed elsewhere [IS] as it attempts to broaden the design of new technology through 
feedback of TA activities into the actual construction of technology. Contrary to other forms of 
TA, CTA is not directed toward influencing regulatory practices by assessing the impacts of 
technology, but instead it addresses social issues around technology by influencing the design 
practices. 
Previously, the CTA approach was a response to the perceived shortcomings of the other TA 
methods. It emerged primarily in the Netherlands in the mid-1980s and its centrepiece is the idea of 
managing technology in society. That is, CTA does no longer strive to be an early warning system, but 
to identify and exploit the opportunities for constructive, active influence on technical development 
processes, where it is "built around the attempt to anticipate effects or impacts of new technologies or 
new projects with a strong technological component" [IS]. 
Previous publications [I 91 had revealed that CTA has developed three generic strategies, namely 
technology forcing, strategic niche management, and alignment, which are as follows: 
Technology forcing: This strategy takes a pro-active stance and attempts to stipulate desired 
impacts, e.g. through legislative action. Other actors may have a significant impact on certain 
technical developments, including large technology users like banks or insurances, and 
pressure groups. 
Strategic niche management: CTA tries to influence the technology developer from the start in 
order to broaden the development process. A typical example would be governmental 
initiatives/subsidies to help develop alternative energy sources like solar or wind energy. 
However, care has to be taken to prevent developments that can only survive because of such 
subsidies and not stand on its own right. Additionally, learning is a crucial element in this 
strategy, since it will only work if technical experimentation actually takes into account user 
needs, and cultural and societal requirements. 
Alignment: Mutual learning processes need a forum where this learning, and related 
discussions, may actually take place. Stakeholders from both supply and demand sides would 
meet at these forums and moderate developments. 
Obviously, these strategies need to be considered all at once as an integration of strategies, and not 
be considered as isolated from each other, since they are all interlinked enablers for the overall goal of 
CTA, which is the management of technology in society. Thus, for the purpose of this research, the 
CTA method was selected to pursue the efforts in assessing the Nano-Biosensor technology which is 
currently being researched at the local higher institutions of learning as well as the established 
nanotechnology research centres all over Malaysia. 
Therefore, after all the elaborations have been performed, this research will attempt to answer the 
following research questions: 
1.  RQI: What is the progress of Nano-Biosensor industry from the perspective 
of its development and commercialisation? 
2. RQ2: Who are the main players and stakeholders of Nano-Biosensor industry and 
what roles do they play? 
3. RQ3: What is the impact that Nano-Biosensor industry has on other industries, and 
eventually society? 
In order to address these questions, the research team members have drawn out the objectives of 
this research, which include: 
1. to investigate the Nano-Biosensor industry by identifying and profiling the main players in the 
industry, including the research centres and private companies that are involved in the business; 
2. to assess the potential benefits and pitfalls of the Nano-Biosensor technology, as well as the 
opportunities through the use of Constructive Technology Assessment (CTA); and 
3. to provide recommendations and insights for policy makers, industrial players, potential 
industry players, as well as all other stakeholders, in order to improve the growth and 
performance of the Nano-Biosensor industry. 
With regard the materials found through keyword search ("technology assessment") in the various 
databases, several observations were made. Firstly, there is barely any material regarding the local 
content related to technology management of nanotechnology. Most of the publications, both at the 
domestic and international levels, covered the scientific experiments and the more technical aspect of 
the technology (mainly the materials sciences and equipment development), especially in the SciVerse 
databases. What technology assessment-related materials that were published were mainly about the 
technology evaluation perspective and not the technology assessment per se. 
Aside, the distinction between technology assessment and evaluation needs to be highlighted here 
since there is a subtle difference in their view of technology. From the definition stated earlier in this 
paper, technology assessment is inherently looking forward to the future impact of the technology in 
order to assist in the direction of the technology. This is different from technology evaluation where its 
primary purpose is to assess the operational performance and outcomes, or the immediate impact, of a 
technology or system within a particular context at a particular point in time. Thus, technology 
evaluation is not concerned with making judgements (however informed) about what may or may not 
happen in the future, while technology assessment provides valuable information for formal decision 
making by the powers that be. 
Table 3: Various sources of secondary data for the research 
Source Number of Publications 
Emerald Management Plus 
IEEE Xplore 
Jstor 58 
SciVerse (ScienceDirect & Scopus) 1560 
Books/Dissertations/Reports Numerous 
3. Methodology 
For this research the Delphi method will be applied, which features an anonymous and democratic 
way of consensus creation by repeated surveys. Delphi method has been broadly applied in many 
fields. To adapt the Delphi method to different requirements, surveys require slight modifications 
according to different investigated environments [20]. However, the main three main characteristics of 
Delphi method remain unchanged after these slight moditications, which are anonymity, iteration, and 
statistics of group responses [21] [22]. To summarise the entire process, the methodology can be 
described by Figure 3. 
Fig. 3: Research flowchart, as adopted from [20] 
It is hoped that this research will be able to bridge the gap between the identified stakeholders in 
this technology, namely the innovator (Nano-Biosensor researcher), the user (members of the industry), 
and the sceptics or opposition (the medical community). Therefore, due to the lack of research 
investigations being carried out in this promising industry, this research effort has opted to perform the 
research work at the micro-level, which is at the individual players in this industry. 
4. Conclusion 
In conclusion, through the preliminary work of this research, it was identified that a new and 
promising technology has the potential of impacting the market as well as our daily lives, namely the 
Nano-Biosensor. There is a need to look into the impact this industry has on society, from the socio- 
economic perspective, as well as management aspects of nanotechnology [23], more specifically 
Nano-Biosensors, in order to strategically manage the development of this potentially viable industry 
to become more focused and successful. This can be achieved by identifying the factors and pitfalls 
which may be of influence in aiding to facilitate the growth of this industry through investigation. 
However, this technology is being challenged by another school of thought that is sceptical of this new 
technology because of its radically different approach to detection. Therefore, a systematic 
investigation into this issue needs to be performed, which culminated in this research effort and the 
publication of this paper. It is hoped that this endeavour can be carried out to its completion in order to 
contribute to the body of knowledge in this area generally, and also enrich the literature with findings 
from the local context, specifically. 
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